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ABSTRACT : 

PROBLEM TO BE SOLVED: To provide a plasma treatment method 
and apparatus 

capable of reliably providing matching state. 

SOLUTION: While keeping a vacuum vessel 1 at a prescribed 
pressure, plasma is 

generated in the vacuum vessel 1 by supplying high 
frequency electric power to 

an antenna 6 mounted on a dielectric body 5 through a 
matching circuit 12 for 

an antenna to carry out plasma treatment of a substrate 8 
set on an electrode 7 

such as etching, deposition, surface improvement, etc. The 
matching circuit 12 

is so constituted as to switch between the state that the 
impedance of a first 



variable capacitor 10 is fixed and the state that the 
reflecting electric power 

of high frequency electric power is controlled to decrease 
by a feedback signal 

from a sensor 16 in the matching circuit 12 for an antenna 
at any time 

independent of the state that the impedance of a second 
variable capacitor 11 

is fixed or the state that the feedback electric power of 
high frequency 

electric power is controlled to decrease by a feedback 
signal from the sensor 

16 in the matching circuit 12 for an antenna. 
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PROBLEM TO BE SOLVED: To provide a plasma 
treatment method and apparatus capable of reliably 
providing matching state. 

SOLUTION: While keeping a vacuum vessel 1 at a 
prescribed pressure, plasma is generated in the vacuum 
vessel 1 by supplying high frequency electric power to 
an antenna 6 mounted on a dielectric body 5 through a 
matching circuit 12 for an antenna to carry out plasma 
treatment of a substrate 8 set on an electrode 7 such as 
etching, deposition, surface improvement, etc. The 
matching circuit 12 is so constituted as to switch 
between the state that the impedance of a first variable 
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capacitor 10 is fixed and the state that the reflecting electric power of high frequency electric 
power is controlled to decrease by a feedback signal from a sensor 16 in the matching circuit 
12 for an antenna at any time independent of the state that the impedance of a second 
variable capacitor 1 1 is fixed or the state that the feedback electric power of high frequency 
electric power is controlled to decrease by a feedback signal from the sensor 16 in the 
matching circuit 12 for an antenna. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

pred^elJ° CUment ^ ^ by com P uterS <> *e translation may not reflect the original 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] Exhausting the inside of a vacuum housing and controlling the inside of a vacuum housing to 

iSSS^ PrCS r e SUPPlymg 838 ^ 3 VaCUUm h ° USmg * e I the lst ad J ustable elem ^t Z -by 
upplymg RF power to an antenna, a coil, or an electrode through the matching circuit equipped with 2 
adj ustable element In the plasma treatment method of processing the substrate which wal made 
generating plasma and was laid in the vacuum housing by the electrode in a vacuum housing Fix the 
impedance of the 1st adjustable element and the impedance of the 2nd adjustable elemen i thTstote 
where lt was controlled to decrease the reflective power of RF power with the feedback s gLl from me 
sensor ,n a matching circuit The plasma treatment method characterized by starting supply of piTower 
and changing the impedance of the 1st adjustable element after that into the state L^h^sZSSd 
to decrease the reflective power of RF power with the feedback signal from the sensor in aTatSg 

[Claim 2] Exhausting the inside of a vacuum housing and controlling the inside of a vacuum housing to 
a predetermined pressure supplying gas in a vacuum housing the [ the lst adjustable element and 1 - by 
supplying RF power to an antenna, a coil, or an electrode through the matching circuit equipped with 2 
adjustable element In the plasma treatment method of processing the substrate which wal made 
Sf nf g P *l Was u laid ,n ** vacuum housin 8 by the electrode in a vacuum housing in the 
«e 3 ^the plasma treatment method of changing the type of gas which is\ control 
parameter, a quantity of gas flow, a pressure, or RF power. If a control parameter is changed the 
u^edance of the st adjustable element is fixed almost simultaneous. And the impeS of th ' 2 nd 
adjustable element is changed into the state where it was controlled to decrease the reflective power of 
RF power with the feedback signal from the sensor in a matching circuit. Then, the plasmafreaZent 

T^co^ZTf ^ *STS thC impCdanCe ° f±e l8t ad J UStable element int0 state where i 
rmatohmg ctS^"" 6 ' ^ ° f ^ P ° Wer with the feedback ^ from the sensor in 

[Claim 3] The plasma treatment method according to claim 1 or 2 which the end of the lst adjustable 
element is connected to the input edge of a matching circuit, and the other end is gro Jed Sdt 

Canym8 ° Ut ^ SeriCS COnneCti ° n ° f ** 2nd adjuStable element <° the ~ the coil, 
[Claim 4] The plasma treatment method according to claim 1 or 2 which the series connection of the lst 
adjustable dement .s carried out to the antenna, the coil, or the electrode, and the end of the 2nd 

g" m:X~ ted t0 ^ input edge of a matching circuit ' "* is characteri2ed by 

ho!Z/!£ fS"? ? S , UPP <! y uf 35 I n 3 Va ° UUm h0USmg - A means t0 exhaust the inside of a vacuum 
housing, the [ the lst adjustable element and ] - the matching circuit equipped with 2 adjustable element 

ITJm^of^n^ 7 T 0 "* eqUipment equipped ±e above ' Md 

impedance of the 2nd adjustable element was fixed, The impedance of the 2nd adjustable element 
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irrespective of whether it is in which state in the state where it was controlled to decrease the reflective 
power of RF power with the feedback signal from the sensor in a matching circuit The state where the 
impedance of the 1st adjustable element was fixed, and the impedance of the 1st adjustable element It is 
characterized by being constituted so that the state where it was controlled to decrease the reflective 
power of RF power with the feedback signal from the sensor in a matching circuit can be switched at the 
arbitrary times. 

[Claim 6] Plasma treatment equipment according to claim 5 which the end of the 1st adjustable element 
is connected to the input edge of a matching circuit, and the other end is grounded, and is characterized 
by carrying out the series connection of the 2nd adjustable element to the antenna, the coil, or the 
electrode. 

[Claim 7] Plasma treatment equipment according to claim 5 which the series connection of the 1st 
adjustable element is carried out to the antenna, the coil, or the electrode, and the end of the 2nd 
adjustable element is connected to the input edge of a matching circuit, and is characterized by 
grounding the other end. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the plasma treatment methods, 
such as dry etching used for manufacture of electron devices, such as a semiconductor, sputtering, and 
plasma CVD, and equipment. 
[0002] 

[Description of the Prior Art] As an example of the plasma treatment equipment used for manufacture of 
electron devices, such as a semiconductor, the perspective diagram of spiral antenna formula plasma 
treatment equipment is shown in drawing 3 . In drawing 3 , introducing predetermined gas from the gas 
supply unit 2 in a vacuum housing 1 By supplying the spiral antenna 6 laid on the dielectric 5 in 
100MHz RF power by RF generator 4 for antennas, exhausting with a pump 3 and maintaining the 
inside of a vacuum housing 1 at a predetermined pressure Plasma occurs in a vacuum housing 1 and 
plasma treatment, such as etching, deposition, and a surface treatment, can be performed to the substrate 
8 laid on the electrode 7. Moreover, RF generator 9 for electrodes for supplying 500kHz RF power is 
formed in the electrode 7, and the ion energy which reaches a substrate 8 can be controlled now. In order 
to take impedance matching, the matching circuit 12 for antennas which consists of two variable 
capacitors 10 and 11 is formed between RF generator 4 for antennas, and the spiral antenna 6, and the 
matching circuit 15 for electrodes which consists of two variable inductors 13 and 14/between RF 
generator 9 for electrodes and an electrode 7 is formed similarly. The end is connected to the input edge 
of the matching circuit 12 for antennas, the other end is grounded, and the series connection of the 2nd 
variable capacitor 1 1 is carried out for the 1st variable capacitor 10 in the matching circuit 12 for 
antennas to the antenna. Moreover, the end is connected to the input edge of the matching circuit 15 for 
electrodes, the other end is grounded, and the series connection of the 2nd variable inductor 14 is carried 
out for the 1st variable inductor 13 in the matching circuit 15 for electrodes to the electrode. 
[0003] The matching circuit 12 for antennas and the matching circuit 15 for electrodes perform same 
operation, although circuitry differs. That is, if a RF is impressed to the spiral antenna 6 or an electrode 
7, it will be controlled to decrease the reflective power of RF power with the feedback signal from 
sensors 16 or 17. It is also possible to change into the state where the impedance of an adjustable 
element (a capacitor or inductor) was fixed, and a switch with the state where it was controlled to 
decrease the reflective power of RF power with the feedback signal from the sensors 16 or 17 in a 
matching circuit can perform the impedance of an adjustable element with the control signal from the 
control system 19 of the switch which prepared in the matching circuit controller li^and plasma 
treatment equipment. 
[0004] 

[Problem(s) to be Solved by the Invention] However, there was a trouble that an adjustment state may be 
unable to be acquired certainly, by the conventional method shown in drawing 3 . This is explained in 
detail below. 

[0005] In order to simplify explanation, suppose that only antenna system is considered. In the state 
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from which the type of gas which is a control parameter, a quantity of gas flow, a pressure, and RF 
power were stabilized by plasma at the time of C12,100sccm, 1.5Pa, and 1000W, respectively, and the 
reflected wave power of a RF turned into about 1% or less of progressive wave power, i.e., an 
adjustment state, the value of the 1st variable capacitor 10 was [ the value of 40pF and the 2nd variable 
capacitor 1 1 ] 30pF. However, plasma is not generated, even if it impresses RF power, after the value of 
the 1 st variable capacitor 1 0 has fixed the value of 40pF and the 2nd variable capacitor 1 1 to 30pF. This 
is because the impedances of the spiral antenna 6 usually differ in the state of the state where plasma 
does not exist, and adjustment. After setting the value of 40pF and the 2nd variable capacitor 1 1 to 30pF 
for the value of the 1st variable capacitor 10, If RF power is impressed after switching the impedance of 
two variable capacitors to the state where it was controlled to decrease the reflective power of RF power 
with the feedback signal from the sensor 16 in the matching circuit 12 for antennas The value of the 1st 
variable capacitor 10 decreases and the value of the 2nd variable capacitor 1 1 increases. When the value 
of 30pF and the 2nd variable capacitor 1 1 is set to 50pF by the value of the 1st variable capacitor 10, 
plasma occurs, the value of the 1st variable capacitor 10 increases after that, and the value of the 2nd 
variable capacitor 1 1 decreases. And change of the impedance of two variable capacitors 10 and 1 1 is no 
longer seen in the place where the value of 40pF and the 2nd variable capacitor 1 1 became [ the value of 
the 1st variable capacitor 10 ] 30pF, and an adjustment state can be acquired. 

[0006] However, immediately after not restricting that an adjustment state can be well acquired through 
such [ always ] change, but impressing RF power, from from, both the values of two variable capacitors 
10 and 1 1 increase, and plasma may not occur at all. It is thought that this originates in the impedance of 
the spiral antenna 6 changing gradually that it is difficult to set the value of 30pF and the 2nd variable 
capacitor 1 1 with a sufficient precision as 50pF for the value of the 1st variable capacitor 10 before 
impressing RF power, and by repeating etching processing and performing it etc. Although the 
adjustment state was able to be well acquired 96 times when ON-OFF of RF power was repeated 100 
times and performed, plasma did not occur at all 4 times. 

[0007] Moreover, if the type of gas which is a control parameter, a quantity of gas flow, a pressure, or 
RF power is changed in the middle of processing even if it is, after once generating plasma and 
acquiring an adjustment state, it may deviate from an adjustment state and plasma may disappear. If a 
control parameter is changed, since the impedance of the spiral antenna 6 will change rapidly, this is 
because it becomes impossible for operation of the matching circuit 12 for antennas to follow this 
change. 

[0008] A phenomenon which was described above may be seen also in the ICP processor made to 
generate plasma and the parallel monotonous type plasma treatment equipment which impresses RF 
power only to the electrode 7 as shown in drawing 5 by impressing RF power to the coil 25 as seen also 
by the electrode system and shown in drawing 4 . However, with the plasma treatment equipment shown 
in drawin g 5 , the matching circuit 15 for electrodes illustrated what consists of two variable capacitors 
13 and 14. 

[0009] this invention aims at offering the plasma treatment method and equipment which can acquire an 

adjustment state certainly in view of the above-mentioned conventional trouble 

[0010] 

[Means for Solving the Problem] The plasma treatment method of the 1st invention of this application, 
exhausting the inside of a vacuum housing and controlling the inside of a vacuum housing to a 
predetermined pressure supplying gas in a vacuum housing the [ the 1st adjustable element and ] -- by 
supplying RF power to an antenna, a coil, or an electrode through the matching circuit equipped with 2 
adjustable element In the plasma treatment method of processing the substrate which was made 
generating plasma and was laid in the vacuum housing by the electrode in a vacuum housing Fix the 
impedance of the 1st adjustable element and the impedance of the 2nd adjustable element in the state 
where it was controlled to decrease the reflective power of RF power with the feedback signal from the 
sensor in a matching circuit Supply of RF power is started and it is characterized by changing the 
impedance of the 1st adjustable element after that into the state where it was controlled to decrease the 
reflective power of RF power with the feedback signal from the sensor in a matching circuit. 
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[001 1] The plasma treatment method of the 2nd invention of this application, exhausting the inside of a 
vacuum housing and controlling the inside of a vacuum housing to a predetermined pressure supplying 
gas in a vacuum housing the [ the 1st adjustable element and ] - by supplying RF power to an antenna, a 
coil, or an electrode through the matching circuit equipped with 2 adjustable element In the plasma 
treatment method of processing the substrate which was made generating plasma and was laid in the 
, vacuum housing by the electrode in a vacuum housing in the middle of processing It is the plasma 
treatment method of changing the type of gas which is a control parameter, a quantity of gas flow, a 
pressure, or RF power. If a control parameter is changed, the impedance of the 1st adjustable element is 
fixed almost simultaneous. And the impedance of the 2nd adjustable element is changed into the state 
where it was controlled to decrease the reflective power of RF power with the feedback signal from the 
sensor in a matching circuit. Then, it is characterized by changing the impedance of the 1st adjustable 
element into the state where it was controlled to decrease the reflective power of RF power with the 
feedback signal from the sensor in a matching circuit. 

[0012] The plasma treatment method of the 1st and 2nd invention of this application The end of the 1st 
adjustable element is connected to the input edge of a matching circuit, and the other end is grounded. It 
is the plasma treatment method effective when the series connection of the 2nd adjustable element is 
carried out to the antenna, the coil, or the electrode. Moreover, when the series connection of the 1st 
adjustable element is carried out to the antenna, the coil, or the electrode, the end of the 2nd adjustable 
element is connected to the input edge of a matching circuit and the other end is grounded, it is the 
effective plasma treatment method. 

[0013] A means by which the plasma treatment equipment of the 3rd invention of this application 
supplies gas in a vacuum housing, the [ a means to exhaust the inside of a vacuum housing, and / the 1st 
adjustable element and ] ~ with the matching circuit equipped with 2 adjustable element The state where 
are plasma treatment equipment which equipped the antenna, the coil or the electrode, and an antenna, a 
coil or an electrode with the RF generator which can supply RF power, and the impedance of the 2nd 
adjustable element was fixed, The impedance of the 2nd adjustable element irrespective of whether it is 
in which state in the state where it was controlled to decrease the reflective power of RF power with the 
feedback signal from the sensor in a matching circuit The state where the impedance of the 1st 
adjustable element was fixed, and the impedance of the 1st adjustable element It is characterized by 
being constituted so that the state where it was controlled to decrease the reflective power of RF power 
with the feedback signal from the sensor in a matching circuit can be switched at the arbitrary times. 
[0014] As for the plasma treatment equipment of the 3rd invention of this application, the end of the 1st 
adjustable element is connected to the input edge of a matching circuit. It is plasma treatment equipment 
effective when the other end is grounded and the series connection of the 2nd adjustable element is 
carried out to the antenna, the coil, or the electrode. Moreover, when the series connection of the 1st 
adjustable element is carried out to the antenna, the coil, or the electrode, the end of the 2nd adjustable 
element is connected to the input edge of a matching circuit and the other end is grounded, it is effective 
plasma treatment equipment. 
[0015] 

[Embodiments of the Invention] Hereafter, the 1st operation gestalt of this invention is explained with 
reference to drawing 1 and drawing 2 . 

[0016] The perspective diagram of the plasma treatment equipment used for drawing 1 in the 1st 
operation gestalt of this invention is shown. The plasma treatment equipment used in the 1st operation 
gestalt of this invention is the almost same composition as the plasma treatment equipment of the 
conventional example explained by drawing 3 , and since it only differs in that can control 
independently the state of the 1st variable capacitor 10 and the 2nd variable capacitor 11, and the state of 
the 1st variable inductor 13 and the 2nd variable inductor 14 can be controlled independently, 
explanation is omitted here. In addition, "the state of the 1st variable capacitor 10 and the 2nd variable 
capacitor 1 1 being independently controllable" "the state where the impedance of the 2nd variable 
capacitor 1 1 was fixed, and the impedance of the 2nd variable capacitor 1 1 Irrespective of whether it is 
in which state in the state where it was controlled to decrease the reflective power of RF power with the 
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feedback signal from the sensor 16 in the matching circuit 12 for antennas The state where the 
impedance of the 1st variable capacitor 10 was fixed, and the impedance of the 1st variable capacitor 10 
The state where it was controlled to decrease the reflective power of RF power with the feedback signal 
from the sensor 16 in the matching circuit 12 for antennas The state where could switch at the arbitrary 
times and the impedance of the 1st variable capacitor 10 was fixed, The impedance of the 1st variable 
capacitor 10 irrespective of whether it is in which state in the state where it was controlled to decrease 
the reflective power of RF power with the feedback signal from the sensor 16 in the matching circuit 12 
for antennas The state where the impedance of the 2nd variable capacitor 1 1 was fixed, and the 
impedance of the 2nd variable capacitor 1 1 What the state where it was controlled to decrease the 
reflective power of RF power with the feedback signal from the sensor 16 in the matching circuit 12 for 
antennas can be switched for at the arbitrary times" is meant. Similarly moreover, "the state of the 1st 
variable inductor 13 and the 2nd variable inductor 14 is independently controllable" "the state where the 
impedance of the 2nd variable inductor 14 was fixed, and the impedance of the 2nd variable inductor 14 
Irrespective of whether it is in which state in the state where it was controlled to decrease the reflective 
power of RF power with the feedback signal from the sensor 1 7 in the matching circuit 1 5 for electrodes 
The state where the impedance of the 1st variable inductor 13 was fixed, and the impedance of the 1st 
variable inductor 13 The state where it was controlled to decrease the reflective power of RF power with 
the feedback signal from the sensor 17 in the matching circuit 15 for electrodes The state where could 
switch at the arbitrary times and the impedance of the 1st variable inductor 13 was fixed, The impedance 
of the 1st variable inductor 13 irrespective of whether it is in which state in the state where it was 
controlled to decrease the reflective power of RF power with the feedback signal from the sensor 17 in 
the matching circuit 15 for electrodes The state where the impedance of the 2nd variable inductor 14 
was fixed, and the impedance of the 2nd variable inductor 14 What the state where it was controlled to 
decrease the reflective power of RF power with the feedback signal from the sensor 17 in the matching 
circuit 1 5 for electrodes can be switched for at the arbitrary times" is meant. In addition, the control 
signal from the control system 19 of plasma treatment equipment can perform these switches now. 
[0017] The detail drawing of the matching circuit 12 for antennas used for drawing 2 in the 1st operation 
form of this invention is shown. The signal from a sensor 16 is processed in an arithmetic circuit 20, and 
a feedback signal is added to motors 21 and 22. When a motor 21 rotates, the value of the 1st variable 
capacitor 10 can be changed and a motor 22 rotates similarly, the value of the 2nd variable capacitor 1 1 
can be changed. With the control signal from the control system 19 of plasma treatment equipment, 
relays 23 and 24 carry out ON/OFF. Although a motor 21 rotates and the value of the 1st variable 
capacitor 10 changes with the feedback signals from a sensor 16 to the reflective power of RF power 
being decreased when relay 23 is ON, since a power supply is not supplied to a motor 21 when relay 23 
is OFF, a motor 21 does not rotate but the value of the 1st variable capacitor 10 is fixed. Although 
similarly a motor 22 rotates and the value of the 2nd variable capacitor 1 1 changes with the feedback 
signals from a sensor 16 to the reflective power of RF power being decreased when relay 24 is ON, 
since a power supply is not supplied to a motor 22 when relay 24 is OFF, a motor 22 does not rotate but 
the value of the 2nd variable capacitor 1 1 is fixed. From the control system 19 of plasma treatment 
equipment, since ON/OFF of relays 23 and 24 is independently controllable, the state of the 1st variable 
capacitor 10 and the 2nd variable capacitor 1 1 is independently controllable. 
[0018] The matching circuit 15 for electrodes also serves as circuitry using the relay, and can control 
now independently the state of the 1st variable inductor 13 and the 2nd variable inductor 14. [ as well as 
the matching circuit 12 for antennas ] 

[0019] The diameter silicon substrate 8 of 8 inch with the polycrystal silicon film of 300nm ** is laid on 
an electrode 7. The type of gas which is a control parameter, a quantity of gas flow, and a pressure, 
respectively C12,100sccm, After setting it as 1 .5Pa and setting the value of 30pF and the 2nd variable 
capacitor 1 1 to 50pF for the value of the 1st variable capacitor 10, the value of the 2nd variable capacitor 
1 1 has been fixed to 50pF. After switching the impedance of the 1st variable capacitor 10 to the state 
where it was controlled to decrease the reflective power of RF power with the feedback signal from the 
sensor 16 in the matching circuit 12 for antennas While the reflected wave power which is about 20 W 
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occurred after the value of the 1st variable capacitor 10 fluctuated slightly when the RF power of 1000 W 
was impressed to the spiral antenna 6 and the RF power of 15W was impressed to the electrode, plasma 
occurred. After [ of impression of a RF ] 2 seconds, the impedance of the 2nd variable capacitor 1 1 If it 
switches to the state where it was controlled to decrease the reflective power of RF power with the 
feedback signal from the sensor 16 in the matching circuit 12 for antennas The value of the 1st variable 
capacitor 10 increases and the value of the 2nd variable capacitor 1 1 decreases. Change of the 
impedance of two variable capacitors 10 and 1 1 was no longer seen in the place where the value of 40pF 
and the 2nd variable capacitor 1 1 became [ the value of the 1st variable capacitor 10 ] 30pF, and the 
adjustment state was able to be acquired. At this time, reflected wave power was about 1 W. Moreover, 
the polycrystal silicon film ********** e d an( j etch rate of 300 nm/min was obtained. 
[0020] When ON-OFF of RF power was repeated 500 times and performed on the same conditions, the 
adjustment state was able to be acquired well 500 times. 

[0021] Moreover, the diameter silicon substrate 8 of 8 inch with the polycrystal silicon film of 300nm ** 
is similarly laid on an electrode 7. The type of gas which is a control parameter, a quantity of gas flow, 
and a pressure are set as C12,100sccm and 1.5Pa, respectively. After setting the value of 30pF and the 
2nd variable capacitor 1 1 to 50pF for the value of the 1st variable capacitor 10, the value of the 1st 
variable capacitor 10 has been fixed to 30pF. After switching the impedance of the 2nd variable 
capacitor 1 1 to the state where it was controlled to decrease the reflective power of RF power with the 
feedback signal from the sensor 16 in the matching circuit 12 for antennas While the reflected wave 
power which is about 30W occurred after the value of the 2nd variable capacitor 1 1 fluctuated slightly 
when the RF power of 1000W was impressed to the spiral antenna 6 and the RF power of 15W was 
impressed to the electrode, plasma occurred. After [ of impression of a RF ] 2 seconds, the impedance of 
the 1st variable capacitor 10 If it switches to the state where it was controlled to decrease the reflective 
power of RF power with the feedback signal from the sensor 16 in the matching circuit 12 for antennas 
The value of the 1st variable capacitor 10 increases and the value of the 2nd variable capacitor 1 1 
decreases. Change of the impedance of two variable capacitors 10 and 1 1 was no longer seen in the 
place where the value of 40pF and the 2nd variable capacitor 1 1 became [ the value of the 1st variable 
capacitor 10 ] 30pF, and the adjustment state was able to be acquired. At this time, reflected wave power 
was about 1 W. Moreover, the polycrystal silicon film ********** e d an d the etch rate of 300 nm/min 
was obtained. 

[0022] When ON-OFF of RF power was repeated 500 times and performed on the same conditions, the 
adjustment state was able to be acquired well 500 times. 

[0023] Although only antenna system was explained with the 1st operation form of this invention 
described above in order to simplify explanation, also in an electrode system, an adjustment state can be 
certainly acquired by the same operation as antenna system using the property that the state of the 1st 
variable inductor 13 and the 2nd variable inductor 14 is independently controllable. Especially in an 
electrode system, when the RF power supplied to an electrode is as large as more than 50W, a 
remarkable effect is acquired. 

[0024] Next, the 2nd operation form of this invention is explained with reference to drawin g 1 and 
drawin g^ . Since it is the composition the plasma treatment equipment used in the 2nd operation form 
of this invention is the same as the plasma treatment equipment used in the 1st operation form of this 
invention, and almost same as the plasma treatment equipment of the conventional example explained 
by drawin g 3 , explanation is omitted here. 

[0025] The diameter silicon substrate 8 of 8 inch to which the tungsten silicide film of 200nm ** was 
attached on the polycrystal silicon film of 200nm ** is laid on an electrode 7. A type of gas and its flow 
rate, and a pressure are set as C12,150sccm and 1 .5Pa. After setting the value of 30pF and the 2nd 
variable capacitor 1 1 to 50pF for the value of the 1st variable capacitor 10, the value of the 2nd variable 
capacitor 1 1 has been fixed to 50pF. After switching the impedance of the 1st variable capacitor 10 to 
the state where it was controlled to decrease the reflective power of RF power with the feedback signal 
from the sensor 16 in the matching circuit 12 for antennas While the reflected wave power which is 
about 20 W occurred after the value of the 1st variable capacitor 10 fluctuated slightly when the RF 
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power of 1 000W was impressed to the spiral antenna 6 and the RF power of 1 5 W was impressed to the 
electrode, plasma occurred. After [ of impression of a RF ] 2 seconds, the impedance of the 2nd variable 
capacitor 1 1 If it switches to the state where it was controlled to decrease the reflective power of RF 
power with the feedback signal from the sensor 16 in the matching circuit 12 for antennas The value of 
the 1st variable capacitor 10 increases and the value of the 2nd variable capacitor 1 1 decreases. Change 
of the impedance of two variable capacitors 10 and 1 1 was no longer seen in the place where the value 
of 40pF and the 2nd variable capacitor 1 1 became [ the value of the 1st variable capacitor 10 ] 30pF, and 
the adjustment state was able to be acquired. At this time, reflected wave power was about 1 W. 
Although etching of a tungsten silicide film was completed after about 40 seconds after starting 
impression of RF power, with plasma maintained, a type of gas and its flow rate were changed to HBr 
and 200sccm, and the polycrystal silicon film was etched succeedingly. Almost simultaneously with 
changing the type of gas and quantity of gas flow which are a control parameter The impedance of the 
1st variable capacitor 10 is fixed (=40pF). And if the impedance of the 2nd variable capacitor 1 1 is 
changed into the state where it was controlled to decrease the reflective power of RF power with the 
feedback signal from the sensor 16 in the matching circuit 12 for antennas Although the reflected wave 
power of about 15 W had occurred at the moment of changing a control parameter, reflected wave 
power declined to about 10W in the place which the impedance of the 2nd variable capacitor 1 1 
increased to 35pF. 2 seconds after changing a control parameter, and the impedance of the 1st variable 
capacitor 10 If it switches to the state where it was controlled to decrease the reflective power of RF 
power with the feedback signal from the sensor 16 in the matching circuit 12 for antennas The value of 
the 1st variable capacitor 10 decreases and the value of the 2nd variable capacitor 1 1 increases. Change 
of the impedance of two variable capacitors 10 and 1 1 was no longer seen in the place where the value 
of 30pF and the 2nd variable capacitor 1 1 became [ the value of the 1st variable capacitor 10 ] 40pF, and 
the adjustment state was able to be acquired. At this time, reflected wave power was about 1 W. 
[0026] When etching processing was repeated 50 times and performed on the same conditions, the 
adjustment state was able to be acquired well 50 times. 

[0027] Moreover, the diameter silicon substrate 8 of 8 inch to which the tungsten silicide film of 200nm 
** was attached on the polycrystal silicon film of 200nm ** is similarly laid on an electrode 7. A type of 
gas and its flow rate, and a pressure are set as C12,150sccm and 1.5Pa. After setting the value of 30pF 
and the 2nd variable capacitor 1 1 to 50pF for the value of the 1st variable capacitor 10, the value of the 
1st variable capacitor 10 has been fixed to 30pF. After switching the impedance of the 2nd variable 
capacitor 1 1 to the state where it was controlled to decrease the reflective power of RF power with the 
feedback signal from the sensor 16 in the matching circuit 12 for antennas While the reflected wave 
power which is about 30W occurred after the value of the 2nd variable capacitor 1 1 fluctuated slightly 
when the RF power of 1000W was impressed to the spiral antenna 6 and the RF power of 15W was 
impressed to the electrode, plasma occurred. After [ of impression of a RF ] 2 seconds, the impedance of 
the 1st variable capacitor 10 If it switches to the state where it was controlled to decrease the reflective 
power of RF power with the feedback signal from the sensor 16 in the matching circuit 12 for antennas 
The value of the 1st variable capacitor 10 increases and the value of the 2nd variable capacitor 1 1 
decreases. Change of the impedance of two variable capacitors 10 and 1 1 was no longer seen in the 
place where the value of 40pF and the 2nd variable capacitor 1 1 became [ the value of the 1st variable 
capacitor 10 ] 30pF, and the adjustment state was able to be acquired. At this time, reflected wave power 
was about 1 W. Although etching of a tungsten silicide film was completed after about 40 seconds after 
starting impression of RF power, with plasma maintained, a type of gas and its flow rate were changed 
to HBr and 200sccm, and the polycrystal silicon film was etched succeedingly. Almost simultaneously 
with changing the type of gas and quantity of gas flow which are a control parameter The impedance of 
the 2nd variable capacitor 1 1 is fixed (=30pF). And if the impedance of the 1st variable capacitor 10 is 
changed into the state where it was controlled to decrease the reflective power of RF power with the 
feedback signal from the sensor 16 in the matching circuit 12 for antennas Although the reflected wave 
power of about 15 W had occurred at the moment of changing a control parameter, reflected wave 
power declined to about 10W in the place where the impedance of the 1st variable capacitor 10 
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decreased to 35pF. 2 seconds after changing a control parameter, and the impedance of the 2nd variable 
capacitor 1 1 If it switches to the state where it was controlled to decrease the reflective power of RF 
power with the feedback signal from the sensor 16 in the matching circuit 12 for antennas The value of 
the 1st variable capacitor 10 decreases and the value of the 2nd variable capacitor 1 1 increases. Change 
of the impedance of two variable capacitors 10 and 1 1 was no longer seen in the place where the value 
of 30pF and the 2nd variable capacitor 1 1 became [ the value of the 1st variable capacitor 10 ] 40pF, and 
the adjustment state was able to be acquired. At this time, reflected wave power was about 1 W. 
[0028] When etching processing was repeated 50 times and performed on the same conditions, the 
adjustment state was able to be acquired well 50 times. 

[0029] Although only antenna system was explained with the 2nd operation gestalt of this invention 
described above in order to simplify explanation, also in an electrode system, an adjustment state can be 
certainly acquired by the same operation as antenna system using the property that the state of the 1st 
variable inductor 13 and the 2nd variable inductor 14 is independently controllable. Especially in an 
electrode system, when the RF power supplied to an electrode is as large as more than SOW, a 
remarkable effect is acquired. 

[0030] Moreover, although the 2nd operation gestalt of this invention described above explained the 
type of gas which is a control parameter, and the plasma treatment method of changing a quantity of gas 
flow, in the middle of processing, this invention is applicable about the plasma treatment method of 
changing the type of gas which is a control parameter, a quantity of gas flow, a pressure, or RF power. 
[003 1] the [ of this invention described above / the 1st and ] -- although 2 operation gestalten explained 
the case where RF power was supplied to an antenna or an electrode, in spiral antenna formula plasma 
treatment equipment, this invention is applicable to the plasma treatment equipment of all other 
gestalten For example, also in the ICP processor made to generate plasma and the parallel monotonous 
type plasma treatment equipment which is shown in drawing 5 and which impresses RF power only to 
an electrode 7, an adjustment state can be certainly acquired by same operation by impressing RF power 
to the coil 25 shown in drawing 4 which was explained in the conventional example. 
[0032] the [ moreover, / of this invention described above / the 1st and ] although 2 operation 
gestalten explained the case where the 1st adjustable element and the 2nd adjustable element consisted 
of elements (a capacitor or inductor) of the same kind in each matching circuit, the 1st adjustable 
element and the 2nd adjustable element may be elements of another kind In addition, it is dependent on 
the impedance of the antenna which is a load, a coil, or an electrode which shall be adopted between a 
capacitor or an inductor as an adjustable element. 

[0033] the [ moreover, / of this invention described above / the 1st and ] with 2 operation gestalten, 
although etching of a poly crystal silicon film and etching of a tungsten silicide film were explained, it is 
needless to say and this invention can be applied also in plasma treatment, such as other etching, 
sputtering, and CVD 
[0034] 

[Effect of the Invention] According to the plasma treatment method of the 1st invention of this 
application, so that clearly from the above explanation Exhausting the inside of a vacuum housing and 
controlling the inside of a vacuum housing to a predetermined pressure supplying gas in a vacuum 
housing the [ the 1st adjustable element and ] by supplying RF power to an antenna, a coil, or an 
electrode through the matching circuit equipped with 2 adjustable element In the plasma treatment 
method of processing the substrate which was made generating plasma and was laid in the vacuum 
housing by the electrode in a vacuum housing Fix the impedance of the 1st adjustable element and the 
impedance of the 2nd adjustable element in the state where it was controlled to decrease the reflective 
power of RF power with the feedback signal from the sensor in a matching circuit Supply of RF power 
is started, and since the impedance of the 1st adjustable element is changed after that into the state where 
it was controlled to decrease the reflective power of RF power with the feedback signal from the sensor 
in a matching circuit, an adjustment state can be acquired certainly. 

[0035] Moreover, exhausting the inside of a vacuum housing and controlling the inside of a vacuum 
housing to a predetermined pressure supplying gas in a vacuum housing according to the plasma 
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treatment method of the 2nd invention of this application the [the 1st adjustable element and ] — by 
supplying RF power to an antenna, a coil, or an electrode through the matching circuit equipped with 2 
adjustable element In the plasma treatment method of processing the substrate which was made 
generating plasma and was laid in the vacuum housing by the electrode in a vacuum housing in the 
middle of processing It is the plasma treatment method of changing the type of gas which is a control 
parameter, a quantity of gas flow, a pressure, or RF power. If a control parameter is changed, the 
impedance of the 1st adjustable element is fixed almost simultaneous. And the impedance of the 2nd 
adjustable element is changed into the state where it was controlled to decrease the reflective power of 
RF power with the feedback signal from the sensor in a matching circuit. Then, since the impedance of 
the 1st adjustable element is changed into the state where it was controlled to decrease the reflective 
power of RF power with the feedback signal from the sensor in a matching circuit, an adjustment state 
can be acquired certainly. 

[0036] Moreover, a means to supply gas in a vacuum housing according to the plasma treatment 
equipment of the 3rd invention of this application, the [ a means to exhaust the inside of a vacuum 
housing, and / the 1st adjustable element and ] — with the matching circuit equipped with 2 adjustable 
element The state where are plasma treatment equipment which equipped the antenna, the coil or the 
electrode, and an antenna, a coil or an electrode with the RF generator which can supply RF power, and 
the impedance of the 2nd adjustable element was fixed, The impedance of the 2nd adjustable element 
irrespective of whether it is in which state in the state where it was controlled to decrease the reflective 
power of RF power with the feedback signal from the sensor in a matching circuit The state where the 
impedance of the 1st adjustable element was fixed, and the impedance of the 1st adjustable element 
Since it is constituted so that the state where it was controlled to decrease the reflective power of RF 
power with the feedback signal from the sensor in a matching circuit can be switched at the arbitrary 
times, an adjustment state can be acquired certainly. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. to 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

JBsaangil the [ of this invention / the 1st and ] - the perspective diagram showing the composition of 
the plasma treatment equipment used with 2 operation gestalten 

[ Drawing 2] the [ of this invention / the 1st and ] - the detail drawing showing the composition of the 
matching circuit for antennas used with 2 operation gestalten 

Prawing 3] The perspective diagram showing the composition of the plasma treatment equipment used 
in the conventional example 

[DmwingA] Hie perspective diagram showing the composition of the plasma treatment equipment used 
in the conventional example 

[Drawing 5] The perspective diagram showing the composition of the plasma treatment equipment used 
m the conventional example 
[Description of Notations] 

1 ... Vacuum housing 

2 ... Gas supply unit 

3 ... Pump 

4 ... RF generator for antennas 

5 ... Dielectric 

6 ... Spiral antenna 
7 ... Electrode 

8 ... Substrate 

9 ... RF generator for electrodes 

10 ... The 1st variable capacitor 

1 1 ... The 2nd variable capacitor 

12 ... Matching circuit for antennas 

13 ... The 1st variable inductor 

14 ... The 2nd variable inductor 

15 ... Matching circuit for electrodes 
16 ... Sensor 

17 ... Sensor 

19 ... Control system of plasma treatment equipment 
[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] the [ of this invention / the 1st and ] the perspective diagram showing the composition of 
the plasma treatment equipment used with 2 operation gestalten 

Prawing 2] the [ of this invention / the 1st and ] the detail drawing showing the composition of the 
matching circuit for antennas used with 2 operation gestalten 

[Drawing 3] The perspective diagram showing the composition of the plasma treatment equipment used 
in the conventional example 

[Drawing 4] The perspective diagram showing the composition of the plasma treatment equipment used 
in the conventional example 

Prawing 5] The perspective diagram showing the composition of the plasma treatment equipment used 
in the conventional example 
[Description of Notations] 

1 ... Vacuum housing 

2 ... Gas supply unit 

3 ... Pump 

4 ... RF generator for antennas 

5 ... Dielectric 

6 ... Spiral antenna 

7 ... Electrode 

8 ... Substrate 

9 ... RF generator for electrodes 

10 ... The 1st variable capacitor 

1 1 ... The 2nd variable capacitor 

12 ... Matching circuit for antennas 
13... The 1 st variable inductor 

14 ... The 2nd variable inductor 

15 ... Matching circuit for electrodes 
16 ... Sensor 

17 ... Sensor 

19 ... Control system of plasma treatment equipment 



[Translation done.] 
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